Orthotopic cardiac transplantation has become standard therapy for idiopathic dilated cardiomyopathy and endstage coronary artery disease. As the number of patients undergoing cardiac transplantation increases and as survival improves, anaesthetists are more likely to encounter these patients as candidates for non-cardiac surgery. This is particularly true because the overall incidence of general surgical problems in cardiac transplant patients is approximately ten times higher than in patients without cardiac transplants.~ Patients with a cardiac transplant who require abdominal aortic aneurysm repair present the anaesthetist with an unusual combination of complex problems. Not only does the anaesthetic management need to consider the implications of abdominal aortic surgery, such as acute blood loss, large volume shifts and rapid changes in preload and afterload associated with aortic cross-clamping, but it also has to see these events in the light of the unique physiology and pharmacology of the transplanted and permanently denervated heart.
In the following report we describe the management of a patient with a cardiac transplant who presented for elective abdominal aortic aneurysm repair. Although general anaesthetic considerations for patients with a cardiac transplant have recently been reviewed, 2 we are unaware of a previous report specifically describing elective abdominal aortic aneurysm repair in a cardiac transplant patient.
Case report A 57-yr-old Caucasian man (height, 180 cm; weight, 79 kg) presented for resection of an asymptomatic abdominal aortic aneurysm which was diagnosed incidentally on ultrasound examination. It was confirmed by computer-CAN J ANAESTH 1991 / 38:7/pp 926-30 ized tomography to be infrarenal in origin, ending above the aortic bifurcation and measuring 6.5 cm in maximum transverse diameter. Two and a half years before presentation, the patient underwent an urgent cardiac transplantation after a massive myocardial infarction resulted in life-threatening cardiogenic shock. Since his transplant, the patient had been well and active. His symptoms before admission were mild shortness of breath on exertion, nocturia and frequent oesophageal reflux. He had no cardiac symptoms. He was being treated for hypertension with nifedipine 40 mg po bid. His only other preoperative medications were deltacortisone 10 mg po OD and cyclosporine 300 mg po bid for immunosuppression. The physical examination was unremarkable except for a midline sternotomy scar. His blood pressure was 120/80 mmHg and his heart rate was 100 bpm and regular. An upper GI series and abdominal ultrasound examination revealed a hiatal hernia, gallstones and a right renal cyst. Preoperative cardiac angiography showed a normal left ventricle and normal coronary vessels. There were no signs of rejection on preoperative endomyocardial biopsy. Intra-cardiac pressures measured during the biopsy were normal. The preoperative ECG showed a normal sinus rhythm of 98 bpm with occasional recipient Pwaves. There were no abnormalities on the preoperative chest x-ray. Pre-op~rative blood work was normal except for an elevated creatinine of 172 I~mol. L -I (normal 65-125) which was attributed to cyclosporine. The preoperative plasma cyclosporine concentration was 208 mg. L-(normal 150-400). The preoperative haemoglobin concentration was 122 g. L-1. In summary, this 57-yr-old man with a cardiac transplant presented for elective abdominal aortic aneurysm resection. He had controlled hypertension, iatrogenic adrenocorticosuppression and immunosuppression, renal insufficiency, a symptomatic hiatal hernia and asymptomatic gallstones.
The patient received ranitidine 150 mg po and diazepam 10 mg po for premedication. Perioperative steroid coverage was maintained with hydrocortisone, 100 mg iv on call to the operating room, followed by 50 mg iv every eight hours. Perioperative immunosuppression commenced with cyclosporine 300 mg po before surgery followed by a continuous cyclosporine infusion, starting at 2.8 mg. hr-i and titrated to daily cyclosporine levels. In addition to the routine monitors, a pulmonary artery catheter was inserted via the right internal jugular vein. An arterial line was inserted in the left radial artery. A strict aseptic technique was observed during line placement. Continuous ST-segment analysis was used in leads V5 and Ilwith a Siemens Monitor Model 1281. Anaesthesia was induced with iv fentanyl (1500 ixg) and iv midazolam (5 mg). Muscle relaxation was achieved with pancuronium (10 mg). Cricoid pressure was applied until the trachea was intubated. Anaesthesia was maintained with increments of iv fentanyl (total intraoperative dose: 3500 ixg) and isoflurane 0.25-1.5% with 50% oxygen in air, titrated to maintain blood pressure within 20% of preoperative values. A nitroglycerine infusion (0.25-1 i~g.kg -1 .min -~) was used for further blood pressure control and to allow volume loading once the aorta was clamped. Dopamine (2 Ixg" kg -1" min -1 iv) was started approximately 15 min before aortic cross-clamping and continued into the postoperative period to improve renal blood flow.
Perioperative haemodynamic variables are shown in the Table. During bowel manipulation the patient's face became obviously flushed. Systemic vascular resistance decreased along with a lesser decrease in mean arterial pressure. The heart rate increased slightly. This was a continuation of a gradual increase in heart rate which started before the bowel manipulation. It was not directly related to the decrease in systemic vascular resistance during bowel manipulation. The heart rate was lowered with 1 mg increments of iv metroprolol up to a total of 4 mg. No ST-segment changes were noted intraoperatively. The duration of surgery was six hours and aortic crossclamp time was 100 min. Intraoperative blood loss was estimated at 1300 ml. The patient received 500 ml of autologous blood collected intraoperatively, 5000 ml of crystalloid and 200 ml of 25% albumin. Total intraoperative urine output was 600 ml.
After surgery the patient was taken to the Intensive Care Unit (ICU) where the lungs were ventilated overnight. The trachea was easily extubated the next morning. The dopamine and nitroglycerine infusions were stopped shortly after arrival in the ICU. There were no changes on postoperative serial 12-lead ECG's. The postoperative haemoglobin concentration was 9.7 g. L-1 and creatinine concentration was 115 I~mol 9 L -1. After extubation on the fLrst postoperative day, the chest x-ray showed minimal interstitial oedema. At the time, the patient's pulmonary capillary wedge pressure was 18 mmHg and his cardiac output was 7.9 L. min -I. Thus the chest x-ray findings were attributed to a mild volume overload rather than myocardial failure. The lungs were clear by the second postoperative day when the patient was discharged from the ICU. He recovered uneventfully except for a mild urinary tract infection which was treated with oral antibiotics. He left the hospital on the tenth postoperative day.
Discussion
The anaesthetic considerations for patients with cardiac transplants should begin with a review of the alterations in cardiac physiology and pharmacology resulting from denervation. Once the human heart has been denervated, it is unlikely to undergo reinnervation. 2 Because of the lack of vagal tone, the resting heart rate of the denervated heart is usually between 95-105 bpm. 3 As a direct result of cardiac denervation, all autonomic reflex mechanisms of the heart are abolished. 2 In the innervated heart, increased cardiac output in response to stress or exercise is achieved via neural stimuli which lead primarily to an increase in heart rate, followed almost simultaneously by an increase in the contractile force of the myocardium.4 Although the exact mechanism is unclear, the denervated heart increases cardiac output mainly by increasing preload and thus left ventricular end-diastolic volume. This mediates an increase in stroke volume and ejection fraction by means of the Frank-Starling mechanisms. 5 Increased cardiac output is then maintained by a heart rate which slowly increases over five to six minutes in response to increasing concentrations of circulating catecholamines which directly stimulate the sinus node. 2"4-6
The effects of vasoactive drugs or anaesthetic agents on the denervated heart depend on whether the drug's action is primarily direct or indirect. 2 Direct acting agents such as isoproterenol, epinephrine or norepinephrine continue to act predictably. 7 However, the usual accompanying autonomic reflex changes in heart rate, such as bradycardia in response to neosynephrine, may be absent. Some patients may exhibit denervation hypersensitivity, resulting in an exaggerated response to direct-acting drugs, e.g., 13-agonists. 8 Indirect agents (e.g., atropine, glycopyrrolate, pancuronium) have no effect on heart rate, since they act only via neural pathways. 7 Mixed agents such as ephedrine and dopamine will have similar effects as on innervated hearts. 9 Transplanted hearts are susceptible to accelerated atherosclerosis. This occurs in approximately 30-35% of cardiac transplant patients within three years of transplantation, lO Because of cardiac denervation, heart transplant patients do not develop angina. It is thus highly desirable to have a preoperative cardiac angiogram for objective assessment of the left ventricle and coronary vessels. Preoperative cardiac biopsy will show any evidence of graft rejection. It is vital to rule out graft rejection since this is a primary cause of cardiac dysfunction and failure which could lead to catastrophe during aortic aneurysm repair. Cardiac transplant patients have regular cardiac angiograms and endomyocardial biopsies as part of their routine follow-up. Every effort should be made to communicate with the patient's cardiologist before surgery in order to obtain the results of the latest examinations. Most patients (75%) with a cardiac transplant who are not rejecting are New York Heart Association functional class 1.11 Cardiac dysrhythmias are common in recently transplanted hearts but the incidence decreases in long-term survivors. 12 There were no perioperative dysrhythmias in our patient.
All patients with heart transplants receive immunosuppression. In our patient, this was achieved with cyclosporine and deltacortisone. Our patient presented with several manifestations of their side-effects which have been reviewed previously. 2 The hypertension, renal insufficiency, oesophagitis and cholelithiasis were all attributed to the immunosuppressive regimen. Strict attention to asepsis is crucial in these immunosuppressed patients and "stress" steroid coverage is usually required.
The anaesthetic goals for our patient were primarily based on what is known about denervated heart physiology and pharmacology and the anticipated needs for control of haemodynamic variables in the face of aortic cross-clamping and the possibility of acute blood loss.
Because the denervated heart relies primarily on the Frank Starling mechanism to increase cardiac output, our foremost concern was to maintain adequate preload by avoiding hypovolaemia. A pulmonary artery catheter was used, despite the increased risk of sepsis, because accurate measurement of volume status was crucial for the maintenance of haeroodynamic stability.
Myocardial depression was minimized by choosing a narcotic-based anaesthetic technique with small increments of isoflurane. Narcotics do not have a vagotonic effect on the denervated heart. Isoflurane, as a main anaesthetic agent in high doses, could have exaggerated hypotension due to the absence of a reflex heart rate increase in response to vasodilation. 2 This was not a problem with low-dose isoflurane supplementing narcoticbased anaesthesia. Nitrous oxide was not used because of its potential in causing hypotension via direct myocardial depression which would not be offset by its sympathetic stimulating properties. 13 An isoproterenol infusion was available throughout the intraoperative period in order to increase heart rate if this should have become necessary during a hypotensive episode. A direct acting [3-agonist, like isoproterenol, is essential for the treatment of hypotension when stroke volume is adequate and systemic vascular resistance is normal. 9 Alternatively, a pulmonary artery catheter with a pacing port may be used to increase heart rate. Tachycardia was treated with increments of iv metoprot01, a selective 13-antagonist, which opposes the direct effects of circulating catecholamines, released as part of the surgical stress response. Additional narcotics did not decrease the tachycardia probably because of their inability to affect heart rate via vagal mechanisms, z
The most important factor influencing the haemodynamic response of normally innervated hearts to aortic cross-clamping is the level of cross-clamping. Infra-renal cross-clamping only limits flow to the lower extremities and consequently produces only minor changes in blood pressure, systemic vascular resistance and stroke volume. 14 The primary mechanism of compensation of the normally innervated heart to aortic cross-clamping is the Frank-Starling mechanism of increased contractility in face of an abruptly increased afterload. ~5,16 Denervation does not affect this compensatory mechanism. Compensation by the denervated heart to aortic cross-clamping depends entirely on the amount of contractile reserve of the myocardium and the degree of afterload for which it has to compensate. Since the donor heart of our patient was free of pathology and since cross-clamping at the infrarenal level produced only a small increase in afterload, it was not surprising that our patient showed little haemodynamic difference from patients with normally innervated hearts. We speculate that the response to aortic cross-clamping may result in less haemodynamic stability if the donor heart is diseased or if the cross-clamp level is above the renal arteries. This re-emphasizes the importance of determining the functional capacity of the donor heart preoperatively.
The cardiac index of our patient remained generally high-normal which was probably a direct reflection of the degree of unopposed contractile reserve of the donor heart. Systemic vascular resistance was low-normal which could have been a compensatory response to a cardiac index higher than necessary to maintain an adequate blood pressure. The haemodynamic response to bowel manipulation was most likely due to the release of vasoactive substances such as prostaglandins which is a frequently observed but not yet fully understood phenomenon. 15 As was to be expected, the increase in heart rate in response to the decrease in systemic vascular resistance was insignificant. Blood pressure was easily restored with volume loading.
In summary, we have presented a patient with a cardiac transplant who successfully underwent elective abdominal aortic aneurysm repair. Intraoperative management was focussed primarily on the maintenance of a highnormal preload, avoidance of myocardial depression and control of heart rate with direct acting agents. If the denervated donor heart is strong and free of pathology, it will easily compensate for the haemodynamic changes brought about by infrarenal aortic crossclamping.
